We prepared oligodeoxynucleotides ( 3
Introduction
DNA changes its conformation sequence-dependently into stem-and-loop, triplex, quadruplex and cruciform as well as an ordinary duplex in response to changes in the surrounding environment to express inherent functions.
1-3 Identification of higher order DNA structures is crucial for understanding their function and interactions in biological systems, and thereby a considerable number of studies have been conducted on the analysis of DNA conformation using spectrometric analysis, gel electrophoresis, X-ray structural analysis and microscope observations. [4] [5] [6] [7] NMR is one of the most validated techniques for the structural determination of various types of molecules, both small and huge. [8] [9] [10] In particular, 19 
Results and Discussion
The incorporation of a 5-FU unit into an ODN was conducted using the conventional phosphoramidite method. The ODNs in this study are summarized in Figure 1 . We initially compared the 19 F-NMR spectra of ODN 1 and a 5-FU monomer. As shown in (T m = 54.8 ˚C), which was attributed to the dissociation of the duplex into a single strand. In the CD spectra ( Figure 4C ), we observed a positive peak at 272 nm and a negative peak at 242 nm. These results strongly indicate that the new signal at -165.7
ppm in the 19 F-NMR spectra was attributable to the 5-FU unit in the duplex, which was retained as a B-form. 1 We also confirmed that NMR measurements of an ODN 1/ ODN 2 duplex at 65 ˚C ( Figure 3D ) showed a single signal that was attributable to single stranded ODN 1 ( Figure 3E ), which had been formed by dissociation of the duplex. To monitor the change in the secondary structure of the ODNs in response to the surrounding conditions, further measurements of NMR was conducted using 19 F-labeled ODNs consisting of pyrimidine bases. We employed a 15 mer ODN 3 possessing a 5-FU unit in the center of its strand, and measured its 19 F-NMR spectra. Figure 5 shows representative NMR spectra. At pH 7.0, the single stranded ODN 3 showed a single signal at -165.7 ppm at 25 ˚C, while several new signals appeared on decreasing the pH from 7.0 to 5.5. Elevating temperature to 50 ˚C at pH 5.5 led to the appearance of new single signal, which is consistent with the signal at pH 7.0 at 50 ˚C, indicating that ODN 3 formed secondary structures under acidic conditions at 25 ˚C. To confirm the higher order structure of ODN 3 at pH 5.5, we measured the CD spectra. As shown in Figure   4D , both a positive peak at 283 nm and a negative peak at 260 nm were observed, which are consistent with the i-motif structure bearing base pairs between protonated cytosines. 23, 24 Thus, it is most likely that ODN 3 formed a higher order structure, such as i-motif under acidic conditions, but was found to melt by elevating temperatures or pH as monitored by 19 F-NMR. (Figure 6 ). The CD spectra of ODN 3 after the addition of the ODN 4/ODN 5 duplex showed a negative peak around 210 nm, which was attributed to the formation of triplex ( Figure 4D ). 25 The melting curve showed two 11 transitions at temperatures of T m = 42.6 and 63.1 ˚C ( Figure 4B ), as is a typical behavior of a triplex. The evidence that the NMR of ODN 3 in the presence of an ODN 4/ODN 5 duplex at 50 ˚C showed the disappearance of the signal around -166.9 ppm ( Figure 6D) and appearance of a signal attributable to single stranded ODN 3 ( Figure 6E ) indicates that the signal around -166.9 ppm can be assigned to the 5-FU unit in triplex. Thus, we could monitor triplex formation of ODN 3 using NMR measurements. Reversed-phase HPLC were performed on a HITACHI LaChrom system using a Inertsil ODS-3 HPLC column (10 250 mm, 4.6 150 mm). 19 ODNs were prepared. CD spectra of the solution were recorded using UV cell with 1 cm path length.
